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INTRODUCTION 

III southern Florida many thousand casuarina, or “ Aiislniliun pine,” 
trees (Casuarina cquisetifoiia Forster) have lx“en and are In'in^ planted 
for shade and ornament along roads and avenues, on retlainicd swamp 
land, on golf courses, along the seasliore, and as windbreaks for fruit 
trees (PI. i8. A). The tree makes a rajiid growth, is not afTiTled by salt 
spray from the ocean, and is utilized for the same purp<jses as eucalyjilus 
trees in California. It is indigenous to trt)i)ical Asia and Australasia 
and, in addition to southern peninsular Florida and the Florida Keys, 
it has been introduced throughout the West Indies and other tropical 
regions of North and South America. 

Reports of serious injury to casuarina Irws in Florida by a bark- and 
wood-boring insect {Chrysoboihris tramiucharica (sTtuhn) * letl tfj s|)ecial 
investigations by the writer which resulted in the discovery that this 
buprestid beetle was a common and destructive enemy of the red man- 
grove {Rhizophora mangle Linnaeus), and that, I lie re fore, the mangrove 
was the source of the trouble affecting the casuarina trees. 

The fact that this beetle has so changed its normal habits as to attack 
and breed in a plant so different botanically from its common hf>st, to- 
gether with the economic importance of this changed habit jiroiK-rty 
owners who have made extensive plantings of the casuarina, has ren- 
dered the subject of special scientific interest and practical iinjxjrlance. 

The first reports of insect injury to the casuarina came frrjin Holie 
Sound and Miami Beach in April, 1916. These and other Iwalities in 
southern Florida were visited by the writer in May, 1916, March and 
April, 1917, and April and May, 1918, in order that a thorough investiga- 
tion of the insect, the conditions relating to its attack, and the methods 
of combating it might be made. 
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CHARACTER AND EXTENT OF THE INJURY 

It was found that the mangrove borer attacks only living red mangrove 
and casuarina. The casuarina trees attacked range from 2 to 6 inches in 
diameter; tho!>e over 5 years old usually are not attacked, except high 
in the tops or branches. Small casuarina trees are attacked near the 
base as a rule. In case of small trees the trunk may be girdled before the 
larvx attain their growth, and in most cases the damage is done before 
the presence of the insect is noticed. Many casuarina trees were killed 
at Miami Beach in 1915 (PI. 18, B) and more in 1916. The infestation 
in 1917 at Miami Beach w^as apparently less than in 1916, it having been 
estimated that among trees planted during the winter of 1916-17, within 
half a mile of the mangrove swamp, not more than i tree out of 20 was 
lost. 

In the mangrove swamp along Biscayne Bay many red mangrove 
trees were found in 1916 to have l>een killed by the borer. In 1917 a 
great accumulation of dead and stag-headed mangrove trees which had 
tx:en gradually killed by the borer was noted, and many newly infested 
trees. In 1918 many additional mangrove trees were found infested 
and it was noted that the infestation extended for many miles north of 
Miami. 'I'lie dead trees and the stag>headed, partially killed trees, many 
of which arc of large size, are strikingly evident against the sky line. 

At Uobe Sound, Jupiter Island, Fla., which is farther north than 
Miami Beach, quite- a few casuarina trees w’ere killed in 1915; the trees 
arc nearly 5 vears uld and, hence, not so liable to attack. At this locality 
the red mangrove is low and scrubby, being apparently too far north for 
favorable grow'th. In the s^vamijs near by the borer was found in the 
red mangrove, but the infestation was not heavy. 

On the ocean keys or reefs south of Miami the red mangrove apparently 
is not infested hy C. Innupu burkii . At Adam Rev, about 27 miles south 
of Miami, neither the red mangroves nor the casuarinas which have been 
planted there are infested, and no damage to mangrove by the borer has 
l)cen noticed. On Key Biscayne, just south of Miami, there w^as for- 
merlv a heavy infestation in tlie casuarinas, but the trees have now 
reached an age at which they are out of danger of further attack. In- 
fested red mangroves apparently do not occur in swamps continuously 
from Miami Beach to Hobe Sound; therefore there are broken centers of 
infestation. No infested trees have been found south of Key Biscayne. 

STvJK^ES, HABITS. AND SEASONAL HISTORY OF THE BEETLE 

Although tranqueharica was collected by Mr. H. K. Morrison at Key 
West lit 1 886 and by Mr. E. A. Schwarz on cordwood of red mangrove 
at the same locality in 1887 and although the beetle has been known 
to science since 1787, it appears that nothing has been recorded regard- 
ing its various stages, seasonal history, habits, etc. 
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Because of its thorough esiablisluiieiu in the ret! mangrove it is evi- 
dent that this beetle was not hurotlucwl into h'iorida with the casuariiia; 
in fact, specimens had been collected at Key West lK‘ftire the casiiarina 
was planted in Florida. 

The beetle’s habitat is the West Indies, where the red mangrove tree 
is also native. 

In India the casuarina is a common tree, but tlu- rul mangrove <1(K‘S 
not occur. C, tranijurbaricti ^ despite its speeilic name/ dots not oeenr in 
India. Tranquebar is on the east coast of Madras. 

Tin; .\in‘L’r 

The adult of the mangrove borer (I’l, 20, U; ;i) is metallic greenisli 
bronze and has two liglitcr-colored and one smaller basal imprcssiotis on 
each elvtron. There arc also impressions on llie thorax. A<hiUs can i)e 
told from those of any other species of Chrysobothris found in thel-niled 
States by the fact that the eyes are nearly contiguous on tnj) of tin* head. 
The female is larger than the male, and the front of the head is green. 
Tlie length ranges from yys to 17 min. riie smaller, more active male 
ranges in length from 12.5 to 14 nini.; the front of (lie head is bright red. 
I'here are other sex differences in the last \ entral segment of the alxlonien 
{PI. 19, A) and, of course, in the genitalia. 

Adults of both sexes are fond of briglil sunlight ami are commonly 
found flying from 10 a. in. to 3 p. ni. (central time) in open phu'cs in (lie 
swamps and on the casuarina trees. Ovijxjsition takes place in either 
morning or afternoon. 

Both male and female beetles feed on the tender, succulent bar): of 
the trees which thev infest. They may lie fouml reslitig on the trunks 
of trees in the bright sunlight chewing through tlie rxiter liark to the 
cambium. 

The beetles, owing to their rapidity of movement, strong powers of 
flight, and shyness, arc probably able to survive enemies and live for 
two or three weeks, or possibly a month or so. Ihcy arc difficult of 
detection when resting on tlie bark of red mangrove, but when flying 
in the sunlight they arc conspicuous rm account t»f the bright-green 
color of the body. The beetles arc never active unless the day is warm, 
sunnv, and not wandv. 

As the beetles are strong fliers and are fond of flitting from one sunny 
tree trunk to another, and as they lay many eggs eatdi, it is probable 
that one female may be responsible for the death of many tftres. 

On April 13, 1918, in a mangrove swamp along Biscayne Bay, oppg- 
site Miami, Fla., females were found oviprjsiting at i.io p. ip. (central 
time), and the operation observed. After a short exploration of the 
bark, made with extended ovipositor fPl. 19, B), a proper crevice was 

1 Fisher. W. S CBSYtOBOTHRis TRAKOLEBABir* ('.nKL. imfrrsm Karr. Jn Proc, Kirt. 

Soc. W*»h , V. so. no. », pp. i? 3-0 7 NfA-cmbef. iv >8 



158 Journal of Agricultural Research Voi. xvi.No.fi 

found under loose bark and the beetle remained with its ovipositor in 
the crevice for one and one>half minutes. During this time there was a 
jxrceptible pumping motion near the basal end of the ovipositor, and 
4 were laid in an irregular row. The tree is attacked anywhere 
from the large aerial roots to high up on the trunk, but usually in the 
middle trunk. 

ThK egg 

The egg (PI. 19, C) may be compared in shape to a scallop shell, and 
one end, which is broader than the other and flattened, is irregularly 
ribl^. It is white and ranges from 1 to 1.5 mm. in length; the average 
width is approximately 0.75 mm. 

The red mangrove has the bark separated into plates; in the process 
of growth loose bark occurs at the dividing lines (PI. 19, C). The eggs 
are inserted under this thin outer layer of loose bark in an irregular longi- 
tudinal row. Four eggs are the largest number that have been found 
together. Eggs occur singly and in twos and threes. One female may 
lay eggs in several trees. Twenty-three full-sized eggs were dissected 
from one female, many eggs being in the distended oviduct, and many 
immature ovules were present. 

The period of incubation was not determined bvit probably one week 
is required. Young larvae 5.5 mm. in length were found on April 23, 
1918, in a red mangrove tree near Miami Beach. 

THE LAKVA 

The larva ^ is white amd a typical “ flatheaded” borer (PI. 20, B; fig. 1). 
It is of the common Chrysobothris type, moderately compressed, and 
sparsely covered with coarse, light-colored bristles. The first thoracic 
segment is large and oval; the second wider and shorter than the third; 
the third wider than the first abdominal, which is narrower than the 
second abdominal ; the third to eigiith abdominal are of about equal width, 
the ninth and tenth successively narrower; tlie lateral folds of the 
second to ninth abdominal segments are well develoj^ed; the dorsal plate 
of the first thoracic segment is marked with a well developed, inverted 
V of grooves and pointUke rugosities; the ventral plate has a well devel- 
oped groove extending back threeTourths of the distance from the ante- 
rior margin, and rugosities which tend to form ridges. The length is 
30 lum. and the width of the first thoracic segment 7 to 8 mm. 

The young lar\’’3e upon hatching from the eggs bore through the 
cambium to the surface of the wood imd as they feed on the cambium 
and grow they extend the burrows horizontally, spirally, or longitu- 
dinally (pL 20, A). The entire length of the burrow is packed with 
boring dust. The length of the lar\ al period is nearly one year. \Vheii 

‘ '»> Mr, H. ii, Durke. Burciiii t.{ Entomology. 
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tinailv iJiAckwl wUh cfjarse chips. In some large, heavily infested 

red mangrove trees as many as three pupal cells per Unear 2 inches were 
fuurul. 

TliK PITA 

The pupa is white and of the shape characteristic of buprestid pupae 
(I'l. 20, C; fig. 2). It is of the common Chrysobothris type, with the head 
resting on tlie breast and the legs and wings folded on the ventral surface. 
The developing insect gradually acquires characters of the adult beetle. 
The size varies with the individual and there is also a se.\ difference, 
the length ranges from 15 to 20 mni. 



-CkryhAotkfis irunqutbarica: a. Fondle pu^xa. vcfltril view; b, same, dorsal view. 


The average duration of the pupa! period is about two weeks. When 
tlie adult becomes mature it chews its way out through the plug of 
w.>od fiber, cuts an ova! hole through the bark, and escapes. This hole 
is often nfistaken by property owners for the point of entrance of the 
borer. 

SEASONAL HISTORY 

One year is required for the development of the mangrove borer from 
egg to adult. Adult beetles first begin to emerge about the ist of April. 
The period of maximum activity of the beetles on the wing is from the 
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middle of April to the ist of June, but a tow stragglers are found as late 
as August. Most of the eggs are probably laid from the middle of April 
to June. The lame seem to be full grown 1 >\' August, and the majority 
form the pupal cells before winter. The sjx^cios probably passes through 
a dormant period, or one of comparative inactivity, during the months 
of December, January, and February, as mature lar\:e under the !)ark 
or in the pupal cells. On March i<). 1917, such mature larva*, together 
with pupae and immature adidts, wure fouml in iidcsu-d trees at Miami 
Beach. On April 4, 1917, many ])upie were changing ot>K)r, indicating 
that they would soon transform to the adult stage. In njiH, on April 8, 
mature larvae, pupae, and adults were in pupal cells in infested I revs at 
Miami Beach. The tirst eggs were found on Afml 1918, and the 
first young larvae on April 23, at Miami Beach, in infested red mangrove 
trees. 

PREDATORY ENIvMIbS AM) 1\\RAS1TKS 

The flicker {Colaptes auratus) and the red-headed woo(lpivk<“r {Mclan- 
erpey erythrocephalus) pick out larva* and i>u[we frtmi infi-su*<l trees, and 
often obtain a high percentage of the instvts infesting a few trees. Pre- 
dacious beetle larvae account for other borers. On April 3, 191;, larva* 
of a predacious trogositid beetle {Temkoulcs S]).)‘ were found under the 
bark of a red mangrove tree infested by C. Iramituhirka, in a swamp 
near Miami Beach. 

On April 9, 1918, in the same general locality, lar\^a* of an elaterid 
beetle {Adelocera sp.)* were found under the bark of a red mangnjve tree 
infested with the beetle. Presumably they were i)redacious enemies of 
the mangrove borer. 

Two species of hymcnopteroiis parasites liave been fotmd. One 
species, Atanycolus rutjokitniris Ashmead," was found to be fairly com- 
mon at Miami Beach in 1917 and njiS. Us coerKms occur in a mass at 
the end of the larval burrow of the beetle. Adults were fouml emerging 
frrmi the cocoons on Marcli 19 and April 10, 1917* April 9, 191H. 

The other species, A. labnui n. sp.,’ constructs a single CfKrron in the 
pupal cell of C. (rarujtieharua, in infested casuarina trees. 

Notwithstanding the numerous natural enemies of Chrysobothris Irntuju^- 
bariai it is evident that reUance can not be placed ui>on them to control 
this borer without help from man. 

control ok the borer 

In view of the large number of casuarina trees which have btim and 
are being planted in southern Klorida and the varied uses to it hich they 
are adapted, it will be seen that the problem of controlling this injurious 
borer is important. Since 1916 owners of these large plantations h ave 

' n«t«nnin»twQ by Dr. Ad«n G. Bvvmg. Bmpwi W EntomoJHy. 

» DetCTJwntrtioa by Mr J A. Hy»k»». Btirewi d EntamtOogy. 

» Dctenniiuiiai by Hr. S, A. Itofawo-. Bureau EatonKdocy. 
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been actin^^ ujxm the advice of the Bureau of Entomology in efforts to 
pre\ t*nt injuA’, but the problem is greatly complicated at Miami Beach 
by large areas of heavily infested red mangrove trees in near-by swamps. 

In 1916 and 1917, at Miami Beach, badly infested young casuarina 
trees were removed or topped, and borers were killed in the pupal cells by 
eutting them out. vSome trees were sprayed witli poisoned kerosene 
emulsion. Supporting stakes of red mangrove were removed. In J917 
the infestation appeared to have been reduced, but in 1918 it was again 
severe. In the red mangrove swamps there appeared to be a steady 
yearly increase of infestation. 

The infestation at Kobe Sound, the farthest north that C\ iratupubarica 
has yet f)een found, lias not been so severe. The casuarina trees are 
now (May, 1918) about 5 years old and of large size. In May, 1916, 
wlien these trees were younger and the injury more severe, tlie trunks 
were thoroughly and repeatedly sprayed with the poisoned kerosene emul- 
sion. About casuarina trees growing in avenues were spruNcfl at 
a cost of approximately 10 cents per tree. As the old formula, used at 
this tiiiu', contains a larger proportion of sodium arsenate than is neces- 
sary, the cost per tree can be lowered. Tlie outfit consisted of tliree men 
and a team of mules to haul tlie standard orangc-tree spray pump. 
.Vlmost any good spraying outfit, however, would answer the jiurpose of 
spraying the trunks of small trees. 

Ill addition to spraying, the rough bark at the bases of trees at Kobe 
Sound was scraped and the borers killed by cutting them out of the 
IHipal cells. The infestation of 1916 was less and there was a still further 
decrease in tluit of 1917, after the use of the same control methods. 
A few borers were still found in the tops of the casuarina trees in 1918 
hut these have been cut out. The infestation in the low senibhy red 
mangrove tree here is not and has not been heavy. 

MI'THODS RECOMMENDED FOR COMBATING THE INSECT 

Investigations liave shown that many trees can be saved by carrying 
out the following methods of control: All badly damaged casuarina 
trees should be cut and burned between September and March to kill 
the insects before they emerge. The trees may be entirely removed, 
cut off near the ground, or merely topped so that they will sprout from 
the stump and make new growth. Since the borer usually attacks the 
young trees near the base, where there are rougher bark and more suit- 
able places for egg laying, care should be exercised that no infested 
stumps regain. Trees only slightly damaged and showing evidence, in 
the rapidly healing wounds, of recovery should not be cut- The wounds 
will soon heal, and as the trees grow will disappear. 

Casuarina trees between i and 6 inches in diameter, growing in prox- 
imity to mangrove swamps or near other infested casuarina trees, should 
be examined carefully in September and March and the young larvge 
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killed by spraying the affected part of the trunks with jxnsoned kernsene 
emulsion ‘ made in accordance with tlie folh)\viiig forninla, rm-ntly 


revised by Mr. F. C. Craighead : 

Stand:ird inlscihli' nil piiU 

Water gallons 

S^jdtuiii iinx-natc 


Disst>lve the arsenate in water, stir, then add i |>:nt nf niiseilde dil. 

From April to Juno, when largo miinlxws di the adult bn-ilos arc Ih iiig 
and feeding on the bark, they should bo killml by spraying tiu’ Iroo 
trunks with the j)oisonetl korosoiio onmlsit>n 

No pruning of cusuarina Irtvs sfiould he aUeinjttotl helwoni Apiil 
and August, since the consequent How of sap will uUraet tlie living 
beetles to the trees. 

Mangrove stakes shonld not be used to vuppi ii \oung, rtcenllv set- 
out trees, as they will altraol llie honas. 

According to the host-scleclioii prinei])le ' as advocated })\ Dr, A D. 
Hopkins, the beetles that breed for one or two gnu iations nr more in the 
casnarina will he iiiuoh more likely to riinUst this host Ilian they air li) 
go back to the original host; and, since the im tlr iKianie rvlaiilishrd in 
the mangrove before the casnarina was introdnord, it is hr rxpreted 
that only {X'casional individuals, among t!i(‘ llionsamls of hertlrs that 
breed in the niangrovo, will dop<isit eggs on llir I'asnarinas. It is uf 
primary importance, therefore, to kerp as manv of the beetles as p(»ssihle 
from reaching maturity in tiie casnarinas 

'ChaI<;HKMi. I' C A Nf W MI\fri<i; I'>)< oi.NTKOI.I.INN. W- .D o ,1 o... r 
KVtt'!.->lc)N. /t; Jiitjr lufijl loll , ■s N, Il<> '.li S I ■ 

* U. S. Dhpahtmkn r i)f A<;kIi. ri,n;kil pkocham op wukK I‘ r t 
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PLATIC i8 

A.- Casuarina trees planted along the water frr)nt, lielle Isle, Miami Peach, Fla., 
June, 1918. Photographed by W. K. Brown. 

It. Ciisuarina trees disfigured and killed by the ni:ingro\e Ujrer {Chrysobothris 
tranquebarica) at Miami Beach, Fla. 
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Plate 19 



PLATIv 19 

Chrysof'Othrii t ran ijuihar ini' 

A.— Sex differences in the hist :tl)doniinaI st'xnKiU. < 9. 

Drawn by K. Arrastronjf. 

— lateral and dorsal view of ovi[)Ositr>r. ;< v 
Drawn by Iv. Armstrong, 

C. — Dark of red mangrove (Rhi:ophor<i vuin<;l( ) showing how it is divided intf> plates. 
Natural size. The eggs are superlicially inse-rted under the thin <juter layer, where 
the bark is loose, at a crack. Dggs X 4. 



VI.AT)' 20 

Chry^ohotlir is lrii>:ij:ub.:T ica ; 

A. — I/ir\’nl burrow in crimbium rif Australi;m pine iCasuarina equiseU'foUa), 
lU'.'u h, 1<1 ;l Nutc htiw the burrow is packed with fniss, the exit hole and the cam- 
hiimi gnnvinjj over the wound. Natural size. 

II ' b^irvae, vcTitral iind dorsiil views. X 3. 

C. -Pii]>a, dorsid and ventral views. X 

I> -I'ernale and male adult beetles. X -Xi. Phulographed bv Mr, Williaii: 
Middleton. 





Pr^TI? a I 

Chryxohothris tranquebarica: 
Adult male, tloreal view. X 7. 




LIFE-HISTORY OBSERVATIONS ON FOUR RECENTLY DE- 
SCRIBED PARASITES OF BRUCHOPHAC.US FUNEBRIS 

By Theodorf; 1). Urbahns 

Entomological Assistant, Cereal and Forage l Iwestigations. Bureau of Entomology, 

V nited States Deparimen i of A gricu Itu re 

INTRODl'CTION 

The parasitic Hymenoptera referred to in this pajK*r were observed, 
together with others, while the writer was making a detaileiJ sliidv of the 
chalcis-fly funohris infesting tlie seeds of alfalfa {Mt-dioiga 

saliva) and red cIo\ier (Tri’/o/tam pratensi). 

Observations and notes were made concerning tlie life habits of tliese 
new parasites, as the opportunity presented itsudf, to determine any 
economic value which one or more of these sjK'cies may have in the control 
of Bruchopltagit.^ junebris. 

blinC-HlSTORY SrMMAKV nl< THl-; HOST 

The host insect, BritcIwpluKju^ juwhri'i Howard, coni|)letes its develop- 
ment from the egg to the adult stage within the seed of alfalfa, red clover, 
or wild S]^ecics of Medicago. Upon reaching mattirity tlie adult gnaws 
an opening through the seed shell and makes its escape. /^ jumbrii 
hibernates in its larva stage within tlie infested seeds remaining upnn the 
field. It passes through several generations in a single season. 

MIvTHOD OF vSTi:i)Vl\F, THi: rARASiTliS 

In order that the development of these parasit<‘s could be obsi rved, it 
became necessary to dissect several ihniisand alfalfa sc-crls under the 
microscope, locate parasite larv.T, and rc'inove them tngeilier with !lu>ir 
host for study. Kach liost, with its parasite, was then transferred to a 
single little cage consisting of an S inm. cork with a small cavity in one 
end and covered by a medical ca[)sn]e. Here each parasite* could l>e 
observ’ed from dav to dav until it had completely destroyed its host, 
developed, passed through the pupa stage, and transformed to tlie adult 
stage. 

blODONTOMKRUS PKRPLlvXUS (‘.AHAX 

The two species of Liodontomerus discussed in tliis paj>er lx?long to tlie 
hymenopterous superfamily Chalcidoidea, family Calliniomidae, and sub- 
fMily Monodontornerinac. The genus Liodontomerus was erected by 
Mr. A. B. Gahan,* of the Bureau of Kntomology, for s]>ecimetniof Lwdon- 

' GaHAN. a, B. DESCRimONS or new r,p,Nj;K.\ AM* f'EEOr'i WITH OF FAFAMTl*' H VMJ'NfJFTEHA, 

In pToc. r. S Nat. Mus , v. 4^. p. Dec. 16, :4.t4. P HWOTOimeruj. nrw en^ui 
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tomerus per plexus OaUslu reared by the writer from Bruchophagus junebris 
infesting alfalfa seeds at Yuma, Arizona. 

Liodontomerus perplexus was first reared by the writer from alfalfa seeds 
collected at Yuma, Ariz., during August, 1912. It was again reared Sep- 
tember 20, 19^2, from El Centro, California, and from Chino, Cal., on 
November 4, 1912. Infested alfalfa seeds dissected and subjected to a 
microscopic examination sfx>n showed this species as being parasitic upon 
Hruchophagus junebris. In the year 1913 it was first reared on July 19 
from Corcoran, Cal.; on July 25, from Glendale, Cal.; and in 1914 the 
first rearing dates from new localities were July 24, Brawley, Cal., and 
September 8, Red Bluff, Cal. On August 4 it was reared from B. junebris 
infesting bur clover (Medicago hispuUi nigra) at Tulare, Cal. 

Examinations of various chalcids reared by different members of the 
Bureau of Entomology from alfalfa seeds infested by Bruchophagus june- 
bris showed that Liodontomerus per plexus was reared by C. N. Ainslie at 
Newell, South Dakota, November 15, 1913, and at Mitchell, S. Dak., 
in 1914. A single specimen was labeled “Red Oak, Iowa.“ 

Liodontomerus per plexus was described by Mr. Gahan as a new species * 
from the type specimens reared by the writer from Bruchophagus junebris 
infesting alfalfa seeds at Yuma, Arizona, in August, 1912. 

STAGES OF HOST SHOWING PARASITISM 

Liodontomerus per plexus is primarily parasitic upon the larva stages of 
Bruchoplusgus junebris. It feeds externally upon its host and frequently 
destroys the entire host larva with the exception of the head. In excep- 
tional cases this parasite has been found to l>e parasitic upon the pupa 
stage of B. junebris. Of 97 larvse of L. per plexus under observ^ation 86 
were parasitic upon the larva stage and 9 upon tlie pupa stage of their 
host. A single specimen of this species was found to be a secondary para- 
site and feeding ujion the larva of a different species after the latter bad 
destroyed the host lar\'a. 

HiriERNATlON 

The larvae, which become fully developed late in the summer, or in the 
fall, mostly hibernate until the following spring. This takes place within 
the alfalfa seeds in which the host was attacked. While hibernation is 
noniial in the larva stage, occasional individuals have been observ^ed to 
hibernate in the pupa stage under the mild climatic conditions of the 
Soutliw^est. 

, APPEARANCE IN THE FIELD 

This species does not seeni to appear in the field in large numbers as 
early in the season as might l)e expected. In southern California and 
western Arizona it becomes active in April and slowly increases in numbers 
throughout May. In August the abimdance of adults is probably great- 
est, while a few individuals may be found as late as November (Table I). 
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TablK 1 . -DiiU's of enurgence if iiduli^ of Liodoniomi tui fotpUxui xt hu h dowlxpi'd from 
lorne sfit'nd\ng iho nj ^MT'rrnd/idr; 


March 1-15. . . . 
March 16-31 . . . 

April 1-15 

April 16-30 

May 1-15 

May 16-31 

June 1 -15 

June 16-30 

July i-is 

July 16-31 

August 1-15. . • 
August 16-31 . . 
September 1-15 


Nu)ul>cr tkl 

1 jualo 

rtdults. 

Ntuiilx-r of 

^uH s. 

1 


i 

i ■ 1 

1 

1 

i * : 

! S 

1 

I 

13 

i ' 

5 

1 C 

2 


Percentage . 


-»>• 54 


ovirosiTioN 

The adult female locates the green and tender sec'd jXKk nf alfalfa in 
which seeds arc infested by lars'ic of Hruihophaous ju 7 uhri\ inserts the 
ovipositor through the seed ptxl, and deposits an egg nj>on or near the 
host larva within the green seed. 

LARVA 

I)j:viila>i’MKNT. — The different larval inslars were not studied by the 
writer through lack of time for this particular subject, h'ield and lab- 
oratory observations, however, showed that the larva- ilevelop very 
rapidly upon their host and under favoralde conditions retjuirc from 
8 to 12 days to make their growtli. They do not always Iranshtrin to the 
pupa stage as soon as they become full grow n. 

Dormant riCRlou. — After the larva of Lio<Ionio 7 wru\ ptrphxus has 
become fully developed upon its hr^st within the alfalfa seed it may at 
once enter the pupa stage, but if the seed is exjrosed tf> dry climatic con- 
ditions a dormant period in the larva stage frequently follows. This 
dormant preriod may begin at almost any time thr<ntghout tlu* summer 
and continue right on into hibernation. Transformation to tin- pnpa 
stage is then delayed until the following spring. In the IalK)ratory a 
few' larvae that became dormant in the summer continued so throughout 
the following winter and through the iKxt summer, and hibernated 
again the second winter before transforming to the pupa. A hUK-rnating 
larva was taken from the field on Decemb<T iK, 1913. It remained in 
the larv’a stage until March, 1915, then transformed to a pppa, and 
emerged as an adult on April 19, 1915. This particular habit Ls undoubt- 
edly of great value to the species and enabUi* it to be carried over the 
long continued dry seasons of the desert sections of the Southwest, 

2 
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Description. — The larva of Liodonlomerus perplexus (fig. i) varies 
in color from white to smoky gray. The length averages 1.5 mm. and the 

t thickness averages 0.7 mm. The general appearance 
is gruhlike, while a side view shows the general shape, 
suggesting an interrogation mark. The head of the 
larva shows the eye lobes and on each a small tubercle. 
The front of the head contains about eight fine setae. 
Mandibles, slightly chitinous, are usually inconspic- 
uous, but sometimes distinctly visible. Segmentation 
of the 13 body segments is very marked. The body 
is covered with bristle-like setse which are from 0.04 
mm. to o.i mm. in length. Two rows, and a broken 
third row, are present in the first segment. The 
second and third segments each bear one row with a 
broken second row. The other segments each bear 
one row encircling the segment. Setae on the dorsal 
portion of the body are much coarser than those of 
the ventral side. The last segment is dorso-ventrally 
bilobed and bears setae on each of the lobes. 


Pupation. — After the pupa has completed its development within 
the larval skin the latter breaks open along the antero-dorsal margin 
and is slowly worked back to beyond the tip of 
tile abdomtai by a slight movement of the newly 

DKscRimoN. — The pupa (fig. 3) is white / jf 
when newly formed. It is about 1.5 mm. long 
and 0.5 mm. thick. The eyes are at first white, 
but after a few days turn to pale brown. The 
liead and thorax bend slightly forward. The 

antenna?, logs, and wing pads are folded close to ' 

the liody and the ovip<?sitor sheath is bent back 

across the end of the abdomen. In the last few - 

days of the pupa stage the pupa turns almost f fei 

black, with dark-brown eyes and pale- brown 

antenna?, legs, and ovijxisitor. 

Length of pit.\l period.— The length of the 
pupal period varies greatly according to the 

season during w'hich'piipation occurs. Hibema- 2.—Uodimtowruf pert^i- 
ting larv’se under observation began entering the ^ 

pupa stage as early as March; others did not pupate until July and 
August, and a few remained in the larv’^a stage until the following year 
before pupating. Twenty-six pupae, which proved to be males, averaged 
23.7 days in the pupa stage; and 31 pupae, which proved to be females. 
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averaged 27.9 days in that stage. The longest pupal fx^riod ohsiTved 
was 45 days and the shortest was 8 days. These t>l>servations were 
made in the laboratory under natural teniperaturi'S, It is vcfn' [jrohable 
that under the most favorable field conditions the pu])al jKTiod may 
require even less time than the miniinuni period reeor<kd. 

.\DrLT 

Emergence. — The adult (Pi. 2 2 , A) , IIJX)!! emerging from ( lie pupal skin, 
finds itself surrounded by the thin seed wall aiid witliin the alfalfa sta'd 
pod. It proceeds at once to gnaw a small irregular 0{)einiig throiigli the 
seed in which the host has been destroyed, then through the seed (xid, 
and thereupon escapes. 

Relative proportion of sexes.— Both sexes of this species seem to Ik* 
well represented in all of tlie localities from which s|K‘cimens were reared. 
A count made of 859 adults showed 1 2 1 to be males and 738 females, or a 
ratio of i to 6.92. 

Adult variation.— Some adults of this species vary from the true I v|H‘ 
in that they show a stigmal cloud in the forewiug. In a few individuals 
this clouded area was very conspicuous. 

SKASd.NAL HISTORY 

Observations show* that alxiut 30 days, under very favorable eondil ions, 
are required for the complete development of a single general inn aiul (hat 
in alfalfa seed fields of Arizona and southern California there may bo as 
many as three generations in a single sruson. Other individuals sub- 
jected to different local conditions may reejuire an entire season ff)r their 
development. 

PARASITIC IMI'iiRTAXCi; 

This species appears to be a parasite of eonsiderable e('onoinie impor- 
tance in helping to reduce the ravages rjf Hnuluipiuifpis in nifalfa 

seed throughout the w’estern Arizona seed -growing disiriefs. it is appar- 
ently not present in sufficient numbers ihrougliont the California, blahu, 
and Utah seed-growing si-ctions to be of value in reducing (he destructiv*- 
work of the seed chalcis-fiy. 

LJODONTOMKRI S Si'LTXDI S (LAIIAN 

Liodontomerus secundus was first collected b\' the writer on September 3 
1914, at Albany, Oregon, where it was foundovifK^siting in the green ovaries 
of floret son red -clover heads. On SeptendK'r 1 6lhe wTiler ri*aredspecimens 
from red-clover seeds infested hy Briichophcujus juiubrirdiCiddiwtll, Idaho; 
and on September 23 it was reared from infested red-clover seeds taken 
at Albany, Oreg, Microscopic examination of the seeds showed that 
this species w*as parasitic upon the larvae of B, junebrts. It was also pres- 
ent among chaldds reared from red clover in 1915 at Elk Point, South 
Dakota, by C. N. Ainslie. 
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LiodonUmerus secundus was described as new' by Mr. A. B. Gahan ^ 
from specimens reared by the writer from infested red-clover seeds taken 
at Caldwell, Idaho. 

hibernation 

examination* of red -clover seeds infested by Bruchophagus junebris 
revealed lar\'ae of l^iodontomerus sccundus hibernating in the larva stage 
within the six-ds which had been destroyed by their respective host larvae. 
The hibernating larvae pupated in the months of April, May, and June, 

spending from 24 to 40 days 
in the pupa stage under 
laboratory conditions before 
emerging as adults. 

LARVA 

The larv'a (fig. 3) is smoky 
white in color and averages 
1.72 mm. long and 0.8 mra. 
in thickness. The general 
shape is grub like. The 
head, of medium size, shows 
the eye lobes w'ith a tubercle 
apparently more distinct in 
this species than in L. per- 
plexus. Pointed mandibles 
show a slight tingeof brown. 
The body is covered with 
j)ulR‘SC‘euce about o, 055 long, the pubescence longest on dorsal portion of 
first two borly segments. Pubescence liner than on larvae of L, perplexus. 



Pii; ? —l.indimtomrrussffun- i.~l.h>d.tttU>mrTUS stitin- 

Juc Larva. i/U' ' I‘uiu. 


The piijja (fig. 4) is white when newly formed, but later it turns smoky 
white anti finally hrownisli black. The eyes turn brown. It averages 
1.6 mm. long. The sheath of the ovit>ositor is folded around the end of 
the abdomen and back half way along the dorsal side. 

ADVLT 

The adults (Pi. 23, B) emerge from tlie infested red-clover seeds in 
spring. Some continue to emerge from the old s^ds as late as July. 
They apparently have two or more generations in a single season and are 
active in the fields until late in fall. 

Obsen'ations show that both si'xes are well represented in localities 
where the species was taken. 


I CiAifAN, A. B. DBscMf TIOXS or sOMS N8W PARASiuc MVMKVorTKS.^ /« Prof i: Nat. VI US.. V. 5 i, 

May ji, I»I7 p. l.i3Jiynt.ymtrut ifntnJuf. new sjMvies. 
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Feh, to. tgiq Lijc H isiory oj Ponisiies of ihuchopha^us jiau'bris 

i:UTl-:U’S HKi:CHOI‘HAGI T.AHAN 

Euklus bruchophaoi bc!ong;s to thf Mijn-rfsiiiiily ClialcidouKii, fumiiy 
Pteromalidae, and subfamily IHeromaliiiai'. 

This insect was first reared by tlie writer from alfalfa si.rds infested by 
BrnchopMgns juyiohris, collected at Iilackf(Hit, AtKrdi-eii, and Caldwell, 
Idaho, and from Nephi, Gunnison, Manti, and I>;ilt Uike City, Utah, in 
September, 1914, and from Susanville, California, on St^pteinlwr 1 .2, tyi7- 

Mr. T. R. Cliamberlin, of the Bureau of ]{nl<imology, reared mules of 
this species from alfalfa seeds 
collected at Salt Lake City in 
June, 1914. 

Upon careful examination of 
the infested seeds this species 
w'as soon found to be parasitic 
upon B. jiinobris. 

Specimens reared by the 
writer at Nephi, Utah, were 
described by Mr. A. B. Gahan, 
of the Bureau of Ivntomolog}’, 
as a new species.' 

ninKRXATio.x 

Kuitius bruchophagi hiber- 
nates in the larva stage within 
the infested alfalfa sc*eds and 
seed jKjds remaining on the 
fields. The warm spring days hasten ])iipation, and a few weeks lati i the 
newly formed adult gnaws an opening Ihrongh llie s.rd ivall and makes 
its escap<‘. 

I.AKVA 

The larv'a (fig. 5) is gniblike in appearann- ami averages 1..5 mm. m 
length. Us body is white with a glossy surface fnr Lorn puU'sc'enn- and 
having a clouded appearance under the epidermis. 'Ihe head is of 
medium size and the eve lobes rather shallow. Tin* on the ('yes are 
distinctly visible. The anal s.*gment is bilol^ed and shows three v.Ty fine 
seta*, 

j'ceA 

The pupa (fig. 6) is white when newly formed and after a a*w days 
show's the eyes turning to salmon brown. U averages j mm. in kmgth, 
and turns black before changing to the a(iuU stagi . , 

auci.t 

The adults (PI- 22 , B) live for one or two months under favorable condi- 
tions and locate, for oviposition, on the newly-for ming seed pods of alfalfa 

JGaham. A.H. op ar , 1V17, P 




172 


Journal of Agricultural Research 


Vot. XVI, No- 6 


plants which have become infested by Bruchophagus funebris. Appar- 
ently there are at least two generations in a single season. 

The sjjecimens reared showed a much larger percentage of males than 
of females. 

' TIMEROMICRUS MACULATUS GAHAN 

Trimeromicrus maculatus (PI. 23, A) belongs in the hymenopterous 
superfaniily Chalcidoidea, family Pteromalidae, and subfamily Ptero- 
malinac. Specimens reared by the writer were determined by Mr. A. B. 
Gahan of the Bureau of Entomology as belonging to a new genus. The 
genus Trimeromicrus was therefore erected by Mr. Gahan * for this species. 

This species was first reared by the writer from alfalfa seeds infested 
by Brtichophagus funebris and taken at Yuma» Arizona, in September, 
1912. Larvae of this species w^ere later dissected from alfalfa seeds where 
they were found to be parasitic upon the larvae of B. funebris. It was 
later reared from the following localities: 

l‘)l Centro, Cal., September, 1912. Tulare, Cal., June, 1914. 

Glendale, Cal., September, 1912. Red lUufF, Oil., September, 1914. 

Chinn, Cal., November, 1912. San Diego, Cal.. Augiist, 1915. 

Corcoran, Cal., July, 1913. Susanville, Cal., September, 1917. 

I^xamination of the undetermined collections and the field notes made 
by difTerent memtx^rs of the Bureau of Entomology showed that this 
species wa.s also reared from infested alfalfa seeds as follows: 

Mcsill.i Park, N. Mex,, June, 1909. C. N. | Tempo, Ariz., July, T911, E. G. Smyth. 
Aiiislie. [ Puckeye, Ariz,, July, 1912, R. N. Wilson, 

in, Ariz., June, 1 9oi>, C. N. .■Mnslie. | Newell, S. Dak., August, 1913, C. N. 
C;is.i Grarule, Ariz., June. 1910, I, Ainslie. 

Wiklerinuth. S;ilt Lake City, Utah, September, 1915, 

Wellington, Kans., August, igio. l*i- (k : T. R. Chamberlin. 

Kelly. 

Hr;iuley, Cal,, March, V. L. Wilder- 
muth. 

Trinu romicrus maculatus was described as a new species by Mr. A. B. 
('«ahan ^ from the specimens reared by the writer from Bruchophagus 
funebris infesting alfalfa seeds at Yuma, Arizona. 

HIHERN.\TION 

This species, like the others mentioned, hibernates in the lar\’a stage 
within the infested alfalfa seeds. It frequently hibernates as early as 
September. In early spring the larv^aj change to pupae, remain so for 
alwut 30 davs, and the adults emerge from the seeds by the time the new 
seed pod^ are forming. 

> O UIAS, n. Pt'.Sv KIPnoNS or N*EW GeNER.\ .\Nt> SPtMKS wrH NOTES OF PARASlTIk: HYME.NOPTERA. 
/» I'TIX*. U, S. Nilt Mus . V. p. 15S-|<»S. I>C\', lO. iyi 4 . p. i6i: Trimeramicrus, new gmus. 

* op. dt., 1914, p. i6i. 
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LARVA 

The lar\"a (fig, 7) varies from white to smoky gray, averages 1.6 mm. 
in length, and is somewhat grublike in general shaixv The head is of 
medium size and faintly shows the eye lobes, liach eye lolx.* shows u 
very fine seta. 

The thirteen body segments are subequal, the first one back of ihe 
head being the largest and the others decreasing in size to the anal s<“g- 
ment, w’hich is bilobed, the upper lolx* wntainlng thrtv very fine sehe. 
The dorsal portion of the first twelve Ixxly si'gments also shows indica- 
tions of very short and fine seta? in some sj)ecinK*ns. 

Parasitic hauit. — The lar\’a of this species was found to allacli itself 
externally upon the larva of its host. In the course of a few days the 
host larv’aapparently dies and the 
parasite makes a rapul growth, 
feeding upon the body contents 
of the dead host. 

PUPA 

The pupa (fig. 8) is white w'ben 
newly formed. It is 1.6 iiini. 
long and about 0.6 mm. wide. 

The head is placed sliglitly for- 
ward and the a])peiulages are 
folded close to the both’. I'lie 
entire pupa is enclosed in a thin 
pupal skin. During the last few 
days of the pupal period the 
pupa turns almost black. 

Pi’P.\TiON. — The duration of 
the longest pupal period observed was 15 days and the sliorfcst was 
6 davs. The average number of days in the ])uj>a stage as uljserved in 
the laborator\- was 9. 

RELATIVK PKOPORTKj.N np Sl'.XKS 

The localities from which this sj>ecu‘S was reared showetl fxiih sexes 
well represented. A count, made of 32 j adnlls rearetl from various 
localities, show'ed 85 males and 237 females, or a ratio of 1 male to 2,67 
females. 

ECONOMIC IMPORTANCE 

Trimeromicrus maculatus is apparently well established in tlie Yuma 
Valley of Arizona, where it was found to rleslroy about 7 per cent <jf the 
larvae of Bruchophagu^ jnnd) 7 is infesting alfalfa seetls. Api>arently it 
is also well established in the Honey Lake Valley of northeastern 
California. 
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PLATK 32 

A . — Liodontcmerus perpUxui: Adult female. 

D . — EuUlus bruchophagi: Arlult female. 
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pi.AT^: 2 :, 

A. — Triinero}nirrus mucitlahi^: A(Jult 
h. -Liodoyitojncrus sccundus: Adult, fcmiile. 
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